This paper presents a simple and successful design for a voltage controlled oscillator. The proposed circuit is based on the use of two identical bootstrap circuits and a NOR-RS Flip Flop to generate wide-tunable sawtooth and square waves. Increasing control voltage linearly increases the output oscillation frequency. Experimental results verifying the performances of the proposed circuit are in agreement with the calculated values.
Introduction
A voltage controlled oscillator (VCO) is widely used in measurement systems and communication systems, a linearity of its voltage-frequency adjustment then becomes one of the most important problems to be solved (1) . However, the proposed VCO in this literature (1) has a structure complexity. For the ease of hardware implementation and good capability of application, the VCO should be simple and small in size (2) - (4) . These approaches are based on the use of miller integrator (2) - (3) or bootstrap type astable multivibrator (4) . This paper aims to present the similar VCO with wide-tunable oscillation frequency. We develop this idea in the different way to realize the simple VCO using non-inverting-terminal control-type bootstrap circuits and NOR-RS Flip Flop. Experimental results demonstrating the characteristics of the proposed oscillator are also included. Fig. 1 shows the proposed VCO using two identical bootstrap circuits and NOR-RS Flip Flop. Each bootstrap circuit consists of an operational amplifier A j , a control switch S j , a capacitor C j , a control voltage E S , and five resistors R 1j -R 5j . The sequential operation of the proposed VCO can be discussed as follows.
Circuit Description
Considering at each output terminal of A j , its output voltage v 4j is related to the non-inverting input voltage v 1j by 
From Eq. (4), if we let R 1j R 4j = R 2j R 5j , the voltage across the resistor R 3j and its current i j can be given by 1 and O 2 will be changed into the low and high states, respectively. Next, the switch S 1 will be connected and the capacitor C 1 will be discharged. When the voltage v 41 decreases to approximately zero, the signal φ 1 is set to low. On the other hand, the switch S 2 is opened, and the capacitor C 2 is charged. When the voltage v 42 increases to the threshold voltage V TH , the signal φ 2 will be set to high. The Flip-Flop output signals O 1 and O 2 then are forced again to high and low, respectively.
From above discussion, the sequential operation of the proposed circuit is oscillation, which generates the variable sawtooh and square waves. The output pulse width or the metastable time, t w , can be considered at the initial conditions. The metastable time t w is the time period It is clearly seen that the oscillation frequency f 0 is directly proportional to the control voltage E S .
Experimental Results
To verify the performances of the proposed VCO, the circuit as shown in Fig. 1 was implemented by setting the supply voltages as +10/-10V, +5V/0V, and +5V/0V for operational amplifier A j (LF356N), analog switch S j (4066BCP), and NOR gate F j (4001BC), respectively. All resistors were chosen as 10kΩ except the resistor R 3j set to 100kΩ. The threshold voltage V TH is about 2.4V. Fig. 2 shows the measured results of the reset signal φ 1 and the oscillation output O 1 , where C j = 1nF and E S = 2V. Fig. 3 shows the plots of the measured and calculated frequencies against the control voltage to test the tunable frequency characteristic of the proposed circuit. The changing control voltages were in the range 10mV to 30V while the capacitor C j was chosen as 0.1nF, 1nF, and 10nF. It is shown that the output oscillation frequency f 0 can be widely and linearly adjusted by changing the control voltage E S . Moreover, the measured results are closely agreed with the calculated values.
Conclusion
This paper has described the design technique using bootstrap circuits in connection with NOR-RS Flip Flop to implement a simple and widely-tunable VCO. Adjusting control voltage can linearly vary its output oscillation frequency. From the experimental results, it is evident that the proposed circuit functions correctly and provides good performances. Still, the temperature characteristic will be examined in future. 
